ABSTRACT. In Japan in 2013, two cattle in the northwestern part of Kagoshima Prefecture developed fever and swallowing difficulty and were suspected of having Ibaraki disease. The epizootic hemorrhagic virus (EHDV) genome was detected from diseased and asymptomatic cattle by reverse transcription-polymerase chain reaction (RT-PCR). High neutralization antibody titers to Ibaraki virus (IBAV) ranging from 1:128 to 1:1,024 were observed in the RT-PCR-positive cattle, and the virus was isolated in one of the IBAV-positive farms. A pairwise alignment and phylogenetic analysis based on the major outer coat protein VP2 encoded in segment 2 revealed a close relationship between the isolated viruses and previous IBAV isolates. The phylogeny of VP2 also suggested that an IBAV variant isolated in 1997 was distinct from IBAV and sorted into a heterogeneous serotype, EHDV serotype 7. The findings revealed the reemergence of Ibaraki disease in Japan after a 26-year absence. Interestingly, the co-circulation of EHDV serotype 1 with IBAV was observed in the affected region, suggesting the potential reassortment between two heterogeneous serotypes in the field. Sentinel surveillance in Kagoshima Prefecture indicated that the incursion of IBAV occurred in October 2013 and that its spread was limited within the small area. Inadequate environmental temperatures for vector transmission in late autumn might have limited the virus spread to a wider region. The reemergence of Ibaraki disease showed us the importance of continuous vaccination to prevent economic losses.
Ibaraki disease is a noncontagious viral disease of cattle, with clinical manifestations that include fever, anorexia, lachrymation, foamy salivation, nasal discharge, conjunctival injection and swallowing difficulty [23] . The pathognomonic sign of this disease, observed in 20-30% of the affected cattle, is swallowing difficulty, which is caused by severe hemorrhagic, degenerative and necrotic lesions in the musculature of the esophagus, larynx, pharynx and tongue [11] . The etiological agent of Ibaraki disease is Ibaraki virus (IBAV), which is a strain of serotype 2 of epizootic hemorrhagic disease virus (EHDV) belonging to the genus Orbivirus of the family Reoviridae [3, 5] . The EHDV particle is composed of seven structural proteins and 10-segmented, double-stranded RNA genomes [8, 15] . The major outer coat protein, VP2, is encoded by genome segment 2 and is highly variable among the eight serotypes of EHDV. The specificity of the interaction of VP2 with neutralization antibodies is thought to be a major determinant of the virus serotype [3] . It was reported that VP2 of IBAV has 96.8% and 73.6% amino acid (aa) identities with those of Australian and Canadian strains of EHDV serotype 2, respectively, but less than 68.5% aa identity with that of other EHDV serotypes [3] .
In contrast, segment 3 encodes the major core protein, VP3, and is highly conserved among EHDV isolates and is used as a target for EHDV group-specific diagnostics [21] . However, a small variation in the core protein is available for typing EHDV isolates based on their geographic origin [4] . IBAV isolates are sorted into an eastern topotype with Australian EHDV strains. As are the other EHDV strains, IBAV is regarded as an arthropod-borne virus (arbovirus) transmitted by Culicoides biting midges [24, 32] . Therefore, the seasonal activity and geographic distribution of Culicoides vectors potentially affect the epidemic period and range of Ibaraki disease. The ability of IBAV to overwinter in Japan is unlikely, and the virus was presumably introduced from lower latitudes with the infected midges carried on seasonal winds in the summer [32] .
Ibaraki disease was first recognized in Japan in 1959 as an acute febrile disease resembling bluetongue [23] . During the 1959-60 Ibaraki disease epidemic, 43,793 cases and 4,298 deaths were reported. Smaller outbreaks occurred in southern Japan in 1982, 1987 and 1997-98 [9, 12, 28-30] . In addition to the typical Ibaraki disease manifestations, more than 1,000 cases of abortion and still birth were observed in the infected pregnant cows in the 1997-98 outbreak [20] . The virus isolated from the aborted fetuses was serologically related to IBAV but genetically distinct from the previous IBAV isolates, and was thought to be an IBAV variant within EHDV serotype 2 [20, 22] . The prevalence of EHDV serotype 1 was also reported in Japan, but no association between that virus and cattle morbidity has been detected [17] .
Kagoshima Prefecture is located at the southern end of Japan's mainland and includes islands spreading 500 km further to the southwest. Due to its geographic location, the prefecture has been thought of as one of the gates for arbovirus incursions [10, 32] . In October 2013, two cows with foamy salivation and difficulty swallowing were found in the northwestern part of Kagoshima Prefecture and were suspected to be cases of Ibaraki disease. We report here the identification of a causative agent of the disease, and we describe the epidemiological aspects based on sentinel surveillance in Kagoshima Prefecture.
MATERIALS AND METHODS
Blood samples: Heparinized blood samples were collected from cattle with swallowing difficulty and from asymptomatic cattle from the same cowsheds where the affected cattle were raised. The sampling was conducted on the two farms (farms A and B) where the clinical cases were observed, on October 25 and 31, respectively. The blood samples were separated into plasma and blood cells by centrifugation at 2,150 g for 10 min. The blood cells were washed three times with phosphate-buffered saline (PBS) and resuspended in PBS. Serum samples were obtained from the above-mentioned cattle at the same time and 2 weeks later.
In June 2013, 120 calves that had not experienced summer were selected from all over Kagoshima Prefecture for sentinel arbovirus surveillance. Heparinized blood and serum samplings were obtained from the calves in June, August, September and November. The processed plasmas and blood cells were kept at −80°C until the virus isolation and viral genome detection. The serum samples were preserved at −20°C until they were used for the virus neutralization test (VNT).
Virus isolation: Hamster lung (HmLu-1) and baby hamster kidney (BHK-21) cells were grown in Eagle's minimum essential medium (MEM; Nissui, Tokyo, Japan) supplemented with 0.295% tryptose phosphate broth, 0.015% sodium bicarbonate and 5% bovine serum at 37°C. Virus isolation was conducted with the processed blood samples as described [16] . In brief, tube-cultured cells were washed three times with Earl's solution, inoculated with the processed samples and incubated for 1 hr at 37°C. After the inocula were replaced with maintenance medium (MEM containing 0.295% tryptose phosphate broth and 0.015% sodium bicarbonate), the inoculated cultures were maintained rolling and observed for cytopathic effects (CPEs) over 7 days. If no CPEs were observed, two further passages were allowed for the supernatant of the primary inoculated culture.
Virus neutralization test: The serum samples were heatinactivated at 56°C for 30 min. Fifty µl of serial two-fold dilutions of serum, in duplicate rows, were mixed with an equal volume of cultured medium containing 100 TCID 50 of the virus in flat-bottomed 96-well plates. The mixtures were incubated at 37°C for 1 hr, and then, 100 µl of the suspension of HmLu-1 cells in serum-free medium (GIT; Wako Pure Chemical Industries, Osaka, Japan) was added to each well. After incubation at 37°C for 7 days under a 5% CO 2 atmosphere in a humid chamber, the plates were microscopically observed for the presence of CPEs. The antibody titer is expressed as the reciprocal of the highest serum dilution at which CPEs were inhibited.
Viral RNA extraction and RT-PCR: Viruses were propagated in HmLu-1 and BHK-21 cells. Viral RNA was extracted from cultured fluid and blood cell suspensions with the High Pure Viral RNA Kit (Roche, Mannheim, Germany) per the manufacturer's instructions. Reverse transcriptionpolymerase chain reaction (RT-PCR) was conducted with the Titan One tube RT-PCR Kit (Roche) using the following conditions. cDNA synthesis was carried out for 30 min at 50°C, followed by heat inactivation for 2 min at 94°C. The PCR conditions applied were 10 cycles of 30 sec at 94°C, 30 sec at 55°C and 45 sec at 68°C, followed by 25 cycles of 30 sec at 94°C, 30 sec at 55°C and 45 sec at 68°C, with the latter time increased by 5 sec per cycle. For RNA extracted from the blood samples, 10 additional cycles were used in the latter condition.
The partial sequence of segment 3 of EHDV was detected with a group-specific primer set, EP3U1416F and E31931R [21] . For the strain-specific detection directed to genome segment 2, primer sets EHDIBAL2F + EHDIB-AL2R-2 and EHD97L2F + EHD97L2R were designed for IBAV and the IBAV 1997 variant, respectively (Table 1) . A published primer set, EHDV-1/S2/103-124F and EHDV-1/ S2/1021-1001R, was used for specific detection directed to segment 2 of EHDV serotype 1 [13] . IBAVL2-1-17F and EHDIBAL2R-2, and EHDIBAV2F and IBAL2R (Table 1) were applied for the amplification of the entire sequence of segment 2 of IBAV. The annealing temperature on the PCR was changed to 45°C for the former primer set. The RT-PCR products were electrophoresed in 1.5% agarose and TAE (Tris-acetate-EDTA) gel, and ethidium bromide-stained gels were visualized with ultraviolet light.
Sequencing and phylogenetic analysis: The RT-PCR products were processed with the QIAquick PCR Purification Kit (QIAGEN, Hilden, Germany) and then sequenced directly using BigDye Terminator Cycle Chemistry on an ABI 3100-Avanti Genetic Analyzer (Life Technologies, Carlsbad, CA, U.S.A.). The oligonucleotide primers used for the cDNA synthesis and the sequencing for segment 2 of IBAV and EHDV serotype 1 are listed in Table 1 . The determined nucleotide (nt) sequences were edited using GENETYX ver. 10.1.3 software (Genetyx, Tokyo, Japan) and compared with the deposited sequences in GenBank by using the GENETYX homology search tools. Neighborjoining (NJ), maximum likelihood (ML) and maximum parsimony (MP) consensus trees were constructed using MEGA 6 from CLUSTAL sequence alignments of EHDV segment 3 nt sequences and MUSCLE sequence alignments of EHDV VP2 aa sequences (Table 2 ) with default parameters [25] . The reliability of the inferred consensus tree was tested by a boot-strap resampling of 1,000 pseudo-replicate data sets.
RESULTS

Clinical cases:
In October 2013, suspected cases of Ibaraki disease were reported at two cattle breeding farms (farms A and B) located in the northwestern part of the mainland region of Kagoshima Prefecture (Fig. 1) . Farms A and B were 10 km apart and maintained 450 and 15 Japanese black beef cattle, respectively. The affected cow at farm A developed a fever over 40°C, foamy salivation, dysphagia, exophthalmos and swelling of the tongue. A cow at farm B showed fever, anorexia, foamy salivation, dysphagia and abdominal distension during the same period. No similar symptoms were observed in any of the other cattle on either farm. The diseased cattle recovered after 22-24 days with supportive care and antibiotic treatment. Vaccination against Ibaraki disease had not been used on either farm recently.
RT-PCR for EHDV detection:
We tested samples from the two diseased cattle (A-1 of farm A and B-1 of farm B) and 13 asymptomatic cattle (A-2 to -6 of farm A and B-2 to -9 of farm B) by RT-PCR using primer sets for the detection of EHDV segment 3 (group-specific) and IBAV segment 2 (strain-specific) ( Table 3 ). The group-specific primer set successfully amplified cDNA of the expected size from both of the diseased cattle and seven of the asymptomatic cattle.
Of the EHDV-positive cattle, the two diseased cattle and three of the asymptomatic cattle (A-1 and -3, and B-1, -6 and -7, respectively) tested positive by the IBAV-specific RT-PCR, but the other four asymptomatic cattle tested negative. Sequences of the cDNA by the group-specific RT-PCR were divided into two groups with 9% nt diversity. The sequence that was detected in the two diseased cattle and five asymptomatic cattle (A-1 and -3, and B-1, -3, -6, -7 and -9) showed high identity with segment 3 of previous IBAV isolates, Ibaraki-2 and Y87061 (97.2-97.8% nt identity). The other sequence amplified from two asymptomatic cattle (A-2 and B-5) had relatively low nt identities (≤ 92%) with the EHDV segment 3 sequence deposited in GenBank. The cDNA from segment 2 in the blood samples had 95.5-95.6% nt identity with that of the previous IBAV isolates. Virus isolation: Two viruses were isolated in BHK-21 cells from blood cells obtained from two of the asymptomatic cattle (B-7 and B-9) on farm B (Table 3 ) and designated as KS-7/E/13 and KS-8/E/13, respectively. The group-specific RT-PCR successfully amplified cDNA from these viruses. Six additional viruses were isolated from sentinel cattle blood samples collected between September and November 2013. Of these virus isolates, three were identified as EHDV by the group-specific RT-PCR and designated as KS-1/E13, KS-2/E/13 and KS-5/P/13. The other three isolates were identified as D'Aguilar virus of the genus Orbivirus using a specific RT-PCR assay as described [10] (data not shown).
We performed a strain-specific RT-PCR directed to segment 2 of IBAV, the IBAV 1997 variant and EHDV serotype 1 using the EHDV isolates (Fig. 2) . The RT-PCR product was amplified with the IBAV-specific primer set from KS-7/E/13 and KS-8/E/13. In contrast, KS-1/E/13, KS-2/E/13 and KS-5/P/13 tested positive by the EHDV serotype 1-specific RT-PCR. No amplification of the EHDV isolates was detected by the IBAV 1997 variant-specific RT-PCR.
Sequences of segments 2 and 3 of KS-7/E/13 and KS-8/E/13 were identical to those detected in the two diseased cattle and three of the asymptomatic cattle (A-1 and -3, and B-1, -6 and -7). The amplicons by the group-specific RT-PCR from the two asymptomatic cattle (B-3 and -9) that tested negative in the IBAV-specific RT-PCR were also identical to those of segment 3 of KS-7/E/13 and KS-8/E/13. The RT-PCR product from segment 3 of KS-1/E/13, KS-2/E/13 and KS-5/P/13 matched the sequence from the two asymptomatic cattle (A-2 and B-5) from which the IBAVrelated sequences were negative. The RT-PCR product from segment 2 of the isolates shared 97.3% and 96.8% nt identity with the corresponding region of Japanese (Kawanabe) and Australian (DPP2209) strains of EHDV serotype 1, respectively. In our comparative analysis of the aa sequence of VP2, the isolates shared 99.3% and 98.3% identity with the Japanese and Australian strains, respectively.
VNTs for bovine sera: In a VNT using IBAV, high neutral- ization antibody (NA) titers ranging from 1:128 to 1:1,024 were observed in post-sera of the two diseased cattle and the seven asymptomatic cattle on farms A and B (Table 3 ). In contrast, the NA titers 1:128 and 1:256 were detected against KS-1/E/13 in post-sera of two of the asymptomatic cattle (A-2 and B-5). A significant rise in the NA titers against both IBAV and KS-1/E/13 was observed between pre-and post-serum collections from the studied farms, indicating that the viruses spread simultaneously in those days. The cross-reactions between the two viruses in the VNT were not significant (≤ 1:8), and none of the serum samples contained high NA titers against both of the viruses at once. The seroconversion of sentinel cattle to IBAV was found in October and November 2013 at three other farms located in the northwestern part of Kagoshima Prefecture (Fig. 1) .
Phylogenetic analysis of EHDV:
The phylogenetic tree based on the partial sequence of segment 3 shows that all of the Japanese and Australian isolates/strains composed a single cluster (Fig. 3) . However, Kawanabe and KS-1/E/13 formed a single clade and were relatively less related to other members in the cluster. We identified 2,960 nt of segment 2 of KS-7/E/13, and they were shown to code for a deduced 982-aa length of VP2 protein, similar to the previously reported IBAV isolates. The VP2 sequence from KS-7/E/13 shared 95.6% nt and 97.5% aa identities with Ibaraki-2, and 96.1% nt and 98.2% aa identities with Y87061.
The sequence identity was also high between KS-7/E/13 and an Australian strain (CSIRO 439) of EHDV serotype 2 (93.0% nt and 96.0% aa identities). Relatively low identities were observed with a North American strain (Alberta) of EHDV serotype 2 (71.3% nt and 73.6% aa identities). In contrast, KS-7/E/13 was highly diverged from the IBAV 1997 variant (KSB-14/E/97) (69.7% nt and 67.5% aa identities). The NJ consensus tree based on the aa sequences of EHDV VP2 demonstrated that KS-7/E/13 clustered with previous IBAV isolates (Fig. 4) . KSB-14/E/97 was less related to EHDV serotype 2 isolates, but it formed a distinct clade with EHDV serotype 7 (CSIRO 775). The trees constructed by ML and MP supported the NJ consensus tree (data not shown).
DISCUSSION
Our observation of typical Ibaraki disease manifestations, such as fever and dysphagia, and the detection of IBAV-related sequences and antibodies in the diseased cattle clearly demonstrated the occurrence of Ibaraki disease in the northwestern part of Kagoshima Prefecture in 2013. The EHDV isolates from one of the studied farms were genetically close to previously reported IBAV isolates and caused the typical clinical signs in the infected cattle. The virus could thus be regarded as IBAV. In contrast, the present phylogenetic comparison showed that KSB-14/E/97 is less related to EHDV serotype 2 (including IBAVs) and should be classified as EHDV serotype 7. A low level of cross-reaction in the VNT between IBAV and EHDV serotype 7 might have led to the misidentification at the time, when the VP2 sequence from all serotypes was not available [3, 20, 22] . Because the 1997-98 epidemic was caused by a different EHDV serotype, it should be distinguished from the other outbreaks of Ibaraki disease.
Of interest is that EHDV serotype 1 also spread in the same area (even on the same farms) during the instances of Ibaraki disease in 2013. EHDV serotype 1 caused hemorrhagic disease of wild deer in North America and may have been involved in the febrile disease of cattle on Reunion Island [6, 19] , but no association of ruminant morbidity was reported in other regions [24] . It is likely that EHDV serotype 1 was not involved in the cattle morbidity in 2013, as shown in its previous spread in an overlapping region [17] . The phylogenetic tree based on segment 3 showed that EHDV serotype 1 isolates from Japan were primarily sorted into the eastern topotype, but diverged from other Japanese and Australian isolates. This finding suggested that these isolates had been geographically separated from the other isolates in their evolution for a certain period of time. Like other segmented viruses, reassortants between heterogeneous serotypes of EHDV were sometimes recovered in the field [1, 2] . Co-circulation of the IBAV and EHDV serotype 1 suggested the potential reassortment between them. A full genome analysis of EHDV isolates in 2013 is needed to determine whether reassortment has occurred. Surprisingly, the co-infection was not found in the EHDV-positive cattle by the genetic and serological tests, although the viruses spread in the studied farms during the same period. Interference between two viruses might restrict the replication of either virus, as shown by an experimental co-infection of calves with bluetongue virus serotypes 1 and 8 [7] .
Although seroconversion in cattle to IBAV has been detected sporadically [18] , no occurrence of Ibaraki disease has been seen in Japan for 26 years, until the present study. Reports of clinical cases and the sentinel seroconversion to IBAV in the northwestern part of Kagoshima Prefecture are limited. No occurrence of Ibaraki disease was reported in the other 46 prefectures of Japan in 2013 [14] , suggesting the local spread of IBAV. The present sentinel surveillance suggested that the incursion of IBAV happened in October 2013. The flight performance of Culicoides vector species is significantly decreased below 20°C [27] . The mean of the average temperatures at four observation points close to the studied and seroconverted farms generally reached 20°C or above during the beginning and middle of October, but rapidly decreased in November (Japan Meteorological Agency). The inadequate temperatures for Culicoides flight behavior might have prevented the transmission cycle and thus restricted the viral spread to within the small area. In the 1959 epizootic outbreak, Ibaraki disease was first recognized in southern Japan in August and swept over the southern half of the nation in the following four months [23] . The history of outbreaks implied that the earlier incursion of the virus may have caused the larger outbreak of the disease in Japan.
The current live attenuated and inactivated vaccines against Ibaraki disease were developed based on Ibaraki-2.
The small aa sequence diversity of VP2 between Ibaraki-2 and KS-7/E/13 suggested that the current commercial vaccines are still effective for the prevention of Ibaraki disease. The reemergence of Ibaraki disease reminds us of the importance of continuous vaccination in cattle populations to minimize economic losses. In the meantime, diagnostic and preventive measures should be prepared for other EHDV serotypes that are associated with cattle morbidity in Japan and other countries [22, 26, 31] . Sentinel surveillance will be useful to identify the incursion and circulation of EHDVs in southern Japan with a high risk of arbovirus infections. Detailed information of the viruses used is given in Table 2 . All Japanese isolates are highlighted in bold face. Bootstrap values (%) are indicated at the appropriate nodes. The scale presents the number of substitutions per site. Fig. 4 . Phylogenetic tree of full-length amino acid sequence of VP2 between reference strains and Japanese field isolates of EHDV listed in Table 2 . All Japanese isolates are highlighted in bold face. Bootstrap values (%) are indicated at the appropriate nodes. Scale: the number of substitutions per site.
